PRINCIPLES: Trimodal therapy results in long term survival in a small fraction of patients with malignant pleural mesothelioma, particularly in patients having epithelial histology, R0-resection and no nodal involvement. This study analyses the outcome after trimodal therapy including extrapleural pneumonectomy. METHODS: From 2000 to 2005 41 patients with histologically verified malignant pleural mesothelioma were included. Diagnosis and nodal status were confirmed by surgery. 21 patients (51%) underwent trimodal therapy with 655 days (63-2,567 days) of median follow-up. Postoperative complications, mortality, long term survival and recurrence rates were analysed retrospectively. RESULTS: Neoadjuvant chemotherapy consisted of a combination of platinum based agents (n = 19) with gemcitabine (n = 15) or pemetrexed (n = 4). Extrapleural pneumonectomy was the standard procedure for surgery. 13 patients (62%) had postoperative complications. 16 patients (76%) received postoperative adjuvant radiotherapy. There was a 30-day mortality of 4.8% in the trimodal group. Survival rates in the trimodal group were 71% after one, 28% after two and 10% after five years. There were no significant differences regarding age, tumour stage, cell type or lymph node involvement. Tumour recurrence occurred after one and two years in 44% and in 83% respectively. CONCLUSIONS: The majority of patients considered for surgical resection of malignant pleural mesothelioma have regionally advanced disease. In those receiving trimodal therapy long term survival is achieved only in a minority of patients. In view of the time consuming and intensive treatment it should be offered only in carefully selected patients as new surgical approaches such as pleurectomy/decortication have shown high efficacy rates regarding patients' survival.
Introduction
Malignant pleural mesothelioma (MPM) arises in the pleural space and the clinical picture can be variable. Dyspnoea, chest pain, fever, and pleural effusion are the most frequent signs [1] . The most important aetiologic factor is asbestos exposure [1, 2] . The peak of MPM incidence in Western Europe is expected in this decade, unfortunately the asbestos exposure in developing countries is still high leading to a significant expected increase in the future [3, 4] . Since the introduction of trimodal treatment with neo-adjuvant chemotherapy, radical surgery and adjuvant radiotherapy better survival rates have been reported particularly in subpopulations with epithelial histology, R0-resection and absence of metastasis in extrapleural lymph nodes [5, 6] . However, prognosis remains dismal and most of the patients not undergoing trimodal treatment die within a year [7, 8] . Although controversial, extrapleural pneumonectomy (EPP) as a radical surgical technique offers an operative strategy in the setting of trimodal therapy with curative intent in treating MPM [9, 10, [11] [12] [13] . But, there are now some reports showing that trimodal therapy including EPP did not improve long term survival [14, 15] . On the basis of the latest reports, decortication/pleurectomy has become more important in the treatment of malignant pleural mesothelioma as survival rates seem to be better than after EPP [16, 17] . Complications after extrapleural pneumonectomy are frequent and frequently surgically related, for example bronchopleural fistula, diaphragmatic patch dehiscence, ARDS, cardiac arrhythmias, constrictive patch reconstruction of the pericardium, infection and bleeding [8, 18] . These can be successfully avoided and managed by proper selection of patients, meticulous technique and adequate pre-and postoperative management [13, 19, 20] . This retrospective cohort study presents the results of trimodal therapy of MPM in a single centre with the aim to analyse the benefit and long term outcome of a trimodal approach including EPP in the treatment of MPM. Board guideline and in strict adherence to the ethical  guidelines for human research of the Swiss Academy of  Medical Sciences, data of 41 consecutive patients with histological proven MPM were obtained and analysed in a  retrospective cohort analysis (table 1) . No patient was excluded from this investigation during the studied time period. Data were obtained from health records of the Departments of Thoracic Surgery and Medical Oncology. Additionally, responsible general practitioners were contacted for long term follow up of each patient.
Patients and methods

According to the University of Bern Institutional Review
Patient characteristics and clinical outcome parameters
For each patient, general data were preoperatively assessed for example: age, gender, asbestos exposure, clinical symptoms at time point of first diagnosis, and type of histology. Outcome parameters such as preoperative administration of chemotherapy, type of surgical procedure, postoperative radiotherapy, postoperative tumour stage, tumour response to chemotherapy, length of hospital stay were analysed. Postoperative complications, 30-and 90-day mortality as well as 1-, 2-and 5-year survival rates beginning from point of diagnosis were calculated and analysed retrospectively. Tumour recurrence after completion of the therapy was subdivided into local and distant tumour recurrence. Local recurrence was defined by manifestation in the ipsilateral chest or chest wall and tumour recurrence-free survival of patients with trimodal therapy was calculated. Postoperative complications during the first 30-days after EPP were categorised into minor (urinary tract infection, wound infection) and major complications (arrhythmia, chest wall infection, pneumonia, septicaemia, bleeding or requiring revisional surgery). Redo surgery because of intrathoracic blood loss or transfusion of more than two units of blood were classified as bleeding complication.
Trimodal treatment
Trimodal treatment regimens consisted of an induction chemotherapy of three cycles of a platinum-based therapy with a combination of either pemetrexed or gemcitabine every three weeks. After 4-8 weeks after the last dose of chemotherapy and radiological control of tumour response surgery was performed. Adjuvant radiotherapy was initiated at least 30 days after surgery with a maximum dose of 60-65 Gy.
Operative technique
The EPP was performed using a modified technique of the previously described, by an experienced thoracic surgeon [10] . The chest was entered through an anterolateral thoracotomy in the 5 th intercostal space. Additionally to this a second small thoracotomy in the 8 th or 9 th intercostal space allowed diaphragmatic resection and reconstruction. The tumour was excised by extrapleural dissection and en bloc resection of the pleura, lung, pericardium and hemidiaphragm on the involved side. The pericardium and the diaphragm were replaced by a Polypropylene mesh and sutured with interrupted 1-0 Polypropylene stitches. Formal mediastinal lymph node dissection was carried out to complete the staging. The bronchial stump was covered in every case with a pediculated latissimus dorsi or serratus anterior muscle flap. A single chest tube was left for drainage purpose.
Statistics
Survival and tumour recurrence-free survival on the basis of tumour recurrence were analysed by Kaplan-Meier survival curves with Wilcoxon test. All results were stated as median and range with p <0.05 defined as statistically significant. For statistical analysis JMP 5.0 (SAS Institute Inc.) was used.
Results
Figure 1
Flow chart showing the patient included in the trimodal or palliative treatment groups. Chest pain n = 9 n = 12
Coughing n = 9 n = 4
Clinical symptoms
Loss of weight n = 1 n = 9
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Palliative therapy group
The median hospital stay of all 20 patients of the palliative therapy group after surgical biopsy was 7.5 days (range 3-30 days) with a 30-and 90-day mortality of 10% and 20% respectively. During the hospital stay there was a morbidity of 75%. The complications were infections (n = 4, 20%), arrhythmia (n = 4, 20%), respiratory insufficiency (n = 2, 10%), necrotising enterocolitis, cerebral stroke, pericardial effusion, pulmonary embolism and renal failure (each complication n = 1, 5%). Patients with palliative treatment obtained either chemotherapy (n = 13, 65%) with or without radiotherapy (n = 5, 25%).
Trimodal therapy group
Prior to the chemotherapy, port-site radiation with 3× 6-7 Gy was applied in the majority of the patients (n = 18, 86%). Neoadjuvant chemotherapy consisted of three cycles with a combination of platinum based agents (n = 19, 90%) and gemcitabine (n = 15, 71%). After the introduction of pemetrexed in 2005 it replaced gemcitabine (n = 4, 19%).
Figure 2
Long-term survival analysis by Kaplan-Meier survival curve of trimodal versus palliative treatment.
The response rate, defined as tumour-regression or radiologically stable disease, was 87.5%. Three patients had tumour progression during chemotherapy and were included in the palliative treatment group. The remaining 21 patients underwent EPP. The median hospital stay after EPP was 16.5 days (range 2-30 days). Postoperative adjuvant radiotherapy with 60-65 Gy was administered in 76% after radical surgery.
Postoperative complications
After EPP there was a 30-day postoperative morbidity of 62% (table 3) . Surgery-related complications occurred in three patients consisting of pericardial patch-avulsion (n = 1, 5%) and postoperative bleeding (n = 2, 10%). Neither bronchopleural fistula nor postoperative pleural empyema were seen. Reoperations were necessary in six patients (29%) because of programmed revision (n = 3, 14%), chest wall infection (n = 1, 5%), bleeding (n = 1, 5%) and patch avulsion (n = 1, 5%). Infectious complications were seen in six patients (29%) including major infections (chest wall infection n = 1, pneumonia n = 1, septicaemia n = 1) and minor infections (urinary tract infection n = 1, wound infection n = 1, no obvious source of infection n = 1). 30-day mortality was 4.8% and 90-day mortality was 9.5% (table  4) .
Overall survival
During the first five years of follow up all patients that underwent palliative treatment died of tumour progression and associated co-morbidities. In the trimodal treatment group 20 patients died (95%) during the long term follow up and the majority due to tumour progression (n = 12). The other succumbed of heart failure (n = 3), septical complications (n = 1), haemorrhagic shock (n = 1) and unknown causes of death (n = 3). Overall 1-year-survival of all patients included in this investigation was 45%. Divided into the two therapy groups patients with trimodal therapy showed significantly better survival rates after 1-, 2-and 5-years respectively (71% vs 21%, 28% vs 5%, 10% vs 0%, p = 0.001) with a median survival of 707 (range 63-2,567) days versus 319 (range 25-1811) days (p = 0.001, fig. 2 ). The median survival rates of the trimodal treatment group on the basis of age, histological type, UICC stage and lymph node status showed no differences between the groups (table 5) .
Tumour recurrence
During the follow-up, tumour recurrence was detected in 17 patients (81%). Clinical symptoms varied from pleural effusion and dyspnoea (n = 9), ascites (n = 4), pericardial effusion (n = 1), coughing (n = 1), pneumonia (n = 1) and reduced general condition (n = 1). Histological verification of the tumour recurrence was performed in six cases by surgical biopsy, in eleven patients by radiology (computed tomography, positron emission tomography, ultrasound). Local tumour recurrence was observed in 15 patients (71%) and distant tumour recurrence in 11 patients (53%) with affection of the contra lateral lung, liver, peritoneal space, and spine. Tumour-free survival in the trimodal treatment group was 47% after one year and 6%
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Discussion
In this single centre retrospective investigation a high percentage of patients did not qualify for a trimodal treatment concept including EPP as the tumour at the initial stage was already in an advanced tumour stage. Long term survival after trimodal therapy was only achieved in a minority of patients even though EPP was performed with acceptable morbidity and mortality rates. MPM is a lethal disease with which thoracic surgeons will have to deal for decades to come [4] . The future outlook is yet unclear and there are only a few objective parameters to foresee the outcome of an individual patient. Untreated MPM is usually associated with a median survival of less than one year and the interval between onset of symptoms and diagnosis has been reported on average at approximately five months [7] . Given the low incidence of the disease and only a few prospective studies regarding therapeutic possibilities there is considerable controversy about the best treatment options even in the early stages of the disease [8, 14, 15, 22] . Since the introduction of EPP for radical surgery with curative intent in the seventies, the mortality and complication rate of this major surgical intervention has fallen noticeably [23] . Mortality after EPP in most reported series is below 10%. Because it represents the maximal possible cytoreduction several authors recommend it as the standard operative approach for therapy aimed to obtain long term disease free survival. Most series; although, report a favourable median survival of around two years with a five year survival of less than 20% in cohorts which have undergone trimodal treatment and therefore reflect the survival rates of trimodal therapy including EPP and not EPP alone. Our longterm survival is in line with the published data and equally low. The fact that we only had a 30-daymortality underscores that median disease free survival reflects more the disease progression than treatment related mortality. With a median disease free survival of 572 days and 6% survival at five years it is obvious that most patients finally succumb because of their disease despite aggressive treatment. However, a significant number of patients are disease free for a meaningful time and the results are comparable with previously published data and support the hypothesis that EPP in the setting of trimodal therapy possibly achieves a better disease control [6, 24] . Patients with advanced tumour stage or severe comorbidities which did not allow performing radical trimodal therapy were enrolled in the palliative treatment group. Even after thoracoscopic pleurodesis, reflecting the weakened general condition, this group showed a high postoperative morbidity and even mortality. Trimodal therapy is a resource consuming endeavour and physically and emotionally stressful for the patient. A quite high response rate or stable disease was reported after the preoperative chemotherapy. One reason might be that the radiologists evaluating the CT scans were not specialised thoracic radiologists. Our series demonstrates, as in previous studies, that in selected patients the therapy can be safely done and that induction chemotherapy does not increase the risk of major postoperative complications and is reasonably well tolerated [21, 24, 25] . We strongly support Table 2 : Postoperative tumour staging according to the Union of International Cancer Control (UICC) classification [35] .
Trimodal therapy
Palliative therapy UICC I n = 1 n = 0 UICC II n = 0 n = 1 UICC III n = 16 n = 5 UICC IV n = 4 n = 8 Table 3 : Postoperative minor and major complications of patients after EPP (n = 21).
Urinary tract infection n = 1 (4.8%)
Wound infection n = 1 (4.8%)
Minor complications
Infection without source n = 1 (4.8%) Pneumonia, septicaemia, chest wall infection n = 3 (14.3%) Bleeding n = 2 (9.5%) Reoperations n = 6 (28.6%)
Major complications
Arrhythmia n = 4 (19.1%) the coverage of bronchial stump with a viable muscle flap to help avoid bronchopleural fistula. We prefer the anterolateral approach which allows preserving the latissimus dorsi muscle. Our complication rate reflects the already published data and is high [10, 11, 18, 19] . However, not all patients were able to undergo adjuvant radiation which is comparable to the most recent prospective study [16] . The longterm outcome of patients undergoing trimodal treatment has so far been reported mostly in retrospective studies [5, 14, [26] [27] [28] . Latest prospective reports have now shown that trimodal therapy including EPP was not associated with an improved survival in comparison to patients without radical surgery [14, 15] . A certain bias of the results in our study is inevitable. Prognostically important factors are reported controversially in the literature. Histology, nodal involvement and pathologic negative margins seem to be the most important prognostic factors [5, 27, 29] . Our data is not significant in this respect. A recent prospective trial showed however that response rate to induction therapy is a relevant factor for outcome and long term results after trimodal therapy but there is no evident criteria to assess which patients will profit from this therapeutic option [24] . Recurrence of MPM is almost inevitable and well reported in the literature. Patterns of failure are generally local. However, after trimodal therapy including EPP there seems to be a better local control with a shift towards distant metastasis, but no controlled trial compared different therapy strategies in relation to failure pattern [30] . Even if EPP is considered as a radical resection it is difficult to imagine a complete removal of the tumour and adjuvant local therapy and systemic therapy may contribute to better local control. Recent data suggest that adjuvant Intensity Modulated Radiotherapy (IMRT) may provide better local control [18, 31] . Pleurectomy/Decortication (PD) as less radical surgical procedure with the intent of gross tumour clearance has been shown in selected cases to have advantages due to the generally lower morbidity [32, 33] . A recent randomised study has shown that PD is even superior to EPP in respect to 30-day mortality and 5-year survival [16] . In addition to that another study has shown that the tumour clearance with PD was achievable in 97% of patients in stage III/IV disease, which seems to be quite high [17] . The question of whether radical surgery after induction chemotherapy is better than chemotherapy alone was object of the prospective conducted MARS Trial, which showed that survival after chemotherapy alone was better and less associated with adverse events than with radical surgery [15, 34] . Limitations of our retrospective cohort study should be noted. By nature, this study was performed in a retrospective manner, without the possibility of randomisation towards the trimodal treatment group or palliative group. Despite this, the study investigated the course of all patients referred with MPM without exclusion in one centre, the number of patients was small and the conclusions must be drawn cautiously. Nevertheless, we are convinced that our results reflect the situation in the treatment of patients with MPM in a Swiss tertiary referral centre.
In conclusion, on the basis of this single centre investigation trimodal therapy for selected patients with MPM is feasible and safe with acceptable perioperative morbidity and mortality. The long term outcome however is not satisfactory, despite an increased disease free survival. Local control of the disease is achieved only in a minority of patients by trimodal treatment including induction chemotherapy, radical surgery and radiotherapy and warrants further efforts in better adjuvant radiation techniques and better selection of patients qualifying for this treatment regime. Trimodal therapy including EPP should be performed in the setting of further controlled trials to obtain more solid evidence for the utility of this treatment and to prove any superiority in comparison to other treatment strategies.
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